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@ Insulin enelegiMS end mettiod of preperifigttieaame. 

^ Novel rapid-acting liuman insulin analogues are provided 
having less tendency to self-association into dimers. tetramers. 
hexamers. or polymers. The novel human insulin analogues are 
formed by substituting one or more of the amino acid residues 
of human insulin with naturally occuring amino acid residues. 
The amino acid residue substitutions are preferably more 
hydrophilic then the natural amino acid residue at the respective 
position in the molecule. Furthermore, the insulin analogues 
have the same charge or a greater negative charge at neutral 
pH than that of human insulin. Preferred amino acid substitu- 
tions are Asp. Glu. Ser. Thr. His. and He. and more preferred 
substitutions are Asp and Qki. The novel insulin analogues can 
be used for the preparation of rapid-acting insulin solutions. 
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Description 

Insulin Analogues and method of preparing the same 

The present invention relates to novel human insulin analogues characterized by a rapid onsot of effect on 
• ' subcutaneous injection and to injectable insulin solutions containing such insulin analogues and to methods 
.5 ;. fonthejpreparation of the novel insulin analogues. ^ . 

BAOOROUND OF "mE INVENTION : 

In the treatment of Diabetes mellitus.many varieties of insulin preparations have been suggested to the art. 
Some of these preparations are rapid-acting: and. others, have a more or less prolonged action. 
10 , ; Rapidvacting Insulin preparations may be used in acute situations; such as hyperglycemic coma, during 
- surgery, during pregnancy, and In severe infections. Furthermore, multiple, 'daily injections of rapid-acting 
insulin preparations may improve control in diabetics who have proved difficult to control with longer-acting 
. insulin, . 

in the recent years there has been an increasin interest in an Insulin treatment which approaches the Insulin 
15 secretion from the beta cells of the healthy organism, i.e. supply of insulin in connection with meals and 
maintenance of a basal insulin level. Clinical investigations have shown that diabetics can obtain normal Insulin 
and glucose concentrations by means of one daily injection of insulin with prolonged action to cover the basal 
need, supplemented with injections of smaller amounts (bolus) of rapid-acting insulin before the main meals. 
Rapid-acting insulins are also used in mixtures with intermediate and long-acting insulins for treatment of 
20 diabetics requiring a stronger initial effect in addition to the delayed actjon of intermediate and long-acting 
insulins. 

Finally, rapid-acting Insulin is used in continuous insulin delivery systems. 

By subcutaneous injection of.rapid-actihglnsiJlIn solutions ah initial delay in absorption has been observed 
(Binder, Diabetes Care 7, No. 2 (I984)i 188-199). A delay in absorption resuttinQ in a stower onset of action is 
25 however undesirable when a strict metabolic control is aimed at. Mixing of tapid-acting insulin solutions with 
longer-acting insulin preparations may furthermore result in reduced rate of absorption of the rapid-acting 

insulin. 

Accordingly, there Is a need for rapid-acting insulin solutions with a faster onset of action upon 
subcutaneous injection and an improved mlscibility with protracted insulin preparations. 
30 ' A furttier * drawback of known rapid-acting insulin solution is the tendency of insulin to fibrillate and 
precipitate out in the insulin solutions used for continuous insulin delivery thereby obstructing mechanical 
parts and delivery catheters. 

Finally there is a need for alternative insulin preparations for the treatment of patients resistent to nonnal 
Insulin. 

35 It is the object of the present invention to provide novel rapid-acting insulin solutions with one or more of the 
following Improved properties: 

1) faster onset of action by subcutaneous injection or other routes of administration 

2) improved mlscibility with protracted insulin preparations 

3) reduced tendency to fibrillation when used in Implantable delivery systems, and 

40 . 1 4) usable for the treatment of resistent patients (low affinity for preexisting antibodies). 

The objectives of this invention are achieved with injectable aqueous solutions of the novel human insulin 
lanalogues hereinafter described. 

A large number of Insulin analogues have been described in the past. Marki 6t al. (Hoppe-Seyler's Z. 
Physiol-Chom,. 360 (1979), 1619-1632) describe synthesis of analogues of human insulin that differ from human 

4S . insulin in the replacement of a single amino acid In positions 2. 5. 6. 7. 8, and II of the A-chain and 5, 7, 13 and 16 
of the B-chain afford Ing new insights into the intriguing structure-activity relationship of insulin. Further 
studies modified the major receptor binding area in insulin (B(22)-B{26)) to investigate the impact of such 
mutation on the receptor binding activity. The known human insulin analogues will, however, not exhibit the 
properties desired by the inventors hereof. 

SO ,lt is known that sulphated insulins have a substantially lower tendency to fibrillation ( Albisser et al.. Desired 
Characteristics of insulin to be used in infusion pumps. In: Queriguian J.L et al., eds. US Phamiacopeial 
Convention. Rockwille. Maryland, pp. 84-95) and exhibit a low antigenicity. Sulphated insulins are, however, a 
heterogeneous mixture of at least nine different insulin derivatives containing on average 4.5 sulphate ester 
groups per molecule. Sulphated insulins have furthermore a reduced insulin activity, being about 2W0 of the 

55 activity of native insulin. A further drawback of sulphated insulins as compared to native insulin is that they 
needlessly contain amino acid residues which are chemically modified, i.e. amino acids which do not occur 
naturally. 

It Is therefore a further object of the present invention to provide insulin analogues which are homogeneous, 
have a higher biological activity than sulphated insulins and which futhermore preferably only contain naturally 
60 OGCUring amino acids. 

By "insulin analogues- as used herein Is meant a compound having a molecular structure similar to that of 
" human insulin including the dlsulphide bridges between A(7)Cys and B(7)Cys and between A(20)Cys and 
. - . B(l9)Gys and an internal dlsulphide bridge between A(6)Cys and A(ll)Cy3 and with insulin activity. 
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SUMMARY OF THE INVENTION 

The present invention Is based on the surprising fact that certain insuttn analogues, in which at least n of 
the amino acid residues of human Insulin has been substituted with naturally occuring amino acid residues, 
exhibit the desired rapid acting activity. '5 

In Its broadest aspect the pres nt invention provides novel; rapid-acting human insulin anaJogu s formed by 
substituting one or more of the amino acid residues .of human insulin with naturally occuring amino acid 
residues giving rise to less self-association into dimers, tetramers. hexamers. or polymers, and having the 
same charge or a greater negative charge at neutral pH than that of human insulin. 

To provide a reduced tendency to self-association 'into'dimers.- tetramers. hexamers. or polymers certain 10 
residues of human insulin are preferably substituted with- other: amino acid residues being more hydrophillc 
than the natural amino acid residue at tha respective pioSitlon'tn the molecule. Also.'at certain positions *m the 
insulin molecule substitution with a more bull^ arhinfo acfd residue will give* rise to a reduced ieiidency of the 
insulin molecules to associate into dimers. tetrdhnersj hexamers, or polymers. - 

More specifically the present invention provides novel insulin derivatives with the foltowihd general formula rs 



, A'chain; 




B - chain 



wherein the X's are the amino acid residue* of hurhan insulin Or the sanftf of different amino acid residue 
substitutions, the net function of which are toUmpart to thef molecule the same charge or a greater negative 
charge at neutral pH than that of human ,insulin;with the provi^D that at feast bhe X is different from the amino 
acid residues of human insulin at the respective position in the insulin molecule and that when X position A(8) 
is His or Phe, X in position A{2i) is Asp. X in position B(5) is Ala. X in position B(9) is Leu. X in position B(IO) Is 4S 
Asn or Leu, X la position B(!2) is Asn or X in position 8(26) is- Ala, then at least one of the remaining X's are 
different irom the amino acid residues of human insulin at. ttie respective positiori in the insulin molecule, and 
with'the further proviso that oneior more amino acid residues may have been removed from the N- and/or 
C-terminal ends of. the A-vand/or B-chain. . : - : • ?r : 

Preferably at least a majority of the amino acid residue substitutions are more hydrophillc than the amino SO 
acid residue at the corresponding site in the human insulin- miolecule and more- preferably aH amino acid 
residue substitutions are more hydrophillc 4han the con'espondihg human insulin amino acid residue. 

Withvrespect toihydrophlHcity reference Is made- to C. Fr6mmel; .J. There. Bid. ni (1984), 247-260 (table I). 

With reference to the above formula I pfireferably not 'more thaih about 7-6f IheXs are (flfferent firom the 
amino acid residue at the con-espdndinjg position in th^ Wufnian insulin molecule. More preferred are 2-4 55 
substitutions. * - v/ - t • 

* • - ■ *f , - 

PREFERRED EMBODIMENTS OF THE INVENTION ^ 

The amino acid residues substitutions ae preferably chosen among the group consisting of Asp, Glu. Ser. 
Thr, His, and lie and more preferably negatively charged amino acid rasidues, i.e. Asp and/or Glu. 60 

The novel human insulin analogue may preferably contain Asp and/or Qlci Instead of one or more of the 
hydroxy amino acids of human insulin, or instead of one or more Gin and Asn of human insulin. 

The novel human insulin analogues may furthermore pref rabfy contain Ser and/br Thr or Asp and/or Glu 
Inst ad of one or more? bf the amino acid residues of human Insulin with ah ailiphatiCand/ r aromatic side chain. 

The novel human insulin analogu s may also preferably contain His instead of neormor of the amino acid 65 
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residues of human Insulin with an aliphatic and/or aromatic side chain or instead of one or more of the hydroxy 
amino acids of human insulin. 

Preferred sites of substitutions are at the sites B9. BIO, 812. B26. B27. and B28. preferably B9. BI2. B27. and 
B28, In which positions one substitution can be sufficient for obtaining a reduced tendency to self-arsociation 
5 and a more rapid-action by administration. 

The amino acid residue substitution in position B9 may be chosen from the group consisting of Asp, Pro, 
Glu. lie. Leu. Val. His. Thr, Gin. Asn, M&t. TiT. Trp.and Phe and more. preferably from the group consisting of 
Asp. Glu, Gin. Asn. and His. . * 

The amino acid residue sub.stitution in position BI2 may be chosen from the group consisting of He and Tyr. 
10 The amino acid residue subsitution in position BIO may be chosen from the group consisting of Asp, Arg. Glu, 
Asn, and Gin and in positions B26, B27, and B28 the amino acid residue substitutions are preferably Asp or 

' Jn the remaining positions of the insulin molecule at least two substitutions (preferably in combination with 
' - the abovo mentioned positions) iseem to be necessajy to obtain the improved properties. Ip. these positions 
15 ' substitutions may be made as follows: * ' 




Position Preferred amino acid residue substitions 





A8 


His, 


Gly, 


Gin, 


Glu, 


Ser, 


Asn, 


Asp, 


Pro 






A9 


Gly, 


Asp, 


Glu, 


Thr, 


His, 


Gin, 


Asn, 


Ala, 


Pro 


25 


AlO 


Leu, 


Pro, 


Val, 


His, 


Ala, 


Glu, 


Asp^ 


Thr, 


Gin, 


A13 
A21 


Pro, 
Asn, 
Asp, 


Val, 

Asp 

Glu 


Aarg/ 


His, 


Ala, 


Glu, 


Asp, 


Thr, 


C31y. 


30 


BX 


Glu, 


Asp, 


Thr, 


Ser 














B2 


Arg, 

Asn* 


His, 


Ala, 


Glu, 


Asp, 


Thr, 


Pro, 


Gly, 


Gin, 


♦ 

35 


■B5 * 


Glu, 


Asp, 


Thr, 


Ser, 


Gin, 


Asn 








B14 


Glu, 


Asp, 


Asn, 


Gin, 


Ser, 


Thr, 


Gly 








B16 


Asp, 


Glu, 


Gin, 


Asn, 


Ser, 


Thr, 


His, 


Arg 






B17 


Ser, 


Thr, 


Asn, 


Gin, 


Glu, 


Asp, 


His 






40 


B18 


Ser, 


. Thr, 


Asn, 


Gin, 


His 












B20 


Gin, 


Ser, 


Asn, 


Asp, 


Glu, 


Arg 









Further preferred compounds of the present invention are insulin analogues in which substitutions are at the 
following sites: B27, B12. B9. (B27 + B9). (B27 + A2I), (B27 + BI2). (BI2+A2I), (B27+BI7). (B27+AI3). 
SO (B27+BI6).(B27 + AI0). (B27 + B28), (B27 + B26), (B27 + BI0). (B27 + BI). (B27 + B2). (B27+B5). (B27+BI4). 
(B27+BI8). (B27 + B20), (BI2+B17). (BI2 + A10). (BI2+AI3), (BI2 + B16), (BI2+BI). (BI2 + B2). (BI2+B5), 
-(B»2 + BlOr. '{BI2 + B26), (BI2+B28). (B9 + BI7). (B9 + A13), (B9 + BI6). (B9 + A8). (B9 + A9). (B9+AI0). 
(B9+BI). fB9+B2), {B9 + B5). (B9+B10). (B9 + BI2). (B9 + BI4). (B9+B28). (B9+BI8). (B9+B20). 
(B9+B26). (B27 + B9+A2I). (B9 + B27+A8) (B27+BI2+ A21). (B27 + BI2+B9). (B9+BI2+B27+BI7), 
55 (B9+BI2+B27+AI3), (B9 + BI2-I-B27+BI6) and (BI2+B16 + BI7+B27+AI0+Ai3). 
Preferred embodiments of the above fomiula I are as follows: 



$0 
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A-ch«ln 




1 8 a 4 i t 7 s • It It u ia 14 IS II n II II ao 81 a a M a a ai 9 



A-cha(n 




IS 



20 



25 



30 



A-chAin 



-COOH 

• •• a 11 aiaiiaiiuiaiiarti 




B iclaln 



40 



45 



SO 



55 



50 



in which the X's are defined as above. 
Referring to formula I other preferred insulin analogues according to the present invention are such in wNch 65 
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X m position '627 is Qlu. X in position Bt2 is lie or Tyr. X in position A2! is Asp and in position B27 is Glu, X in 
pdsitionB9 is Asp, X in position A2l^and in position B9 is Asp and in position 827 is Glu, X in position A8 in His. 
' ' in'position B9 is Asp and in position B27 is Glu, X in position BIO is Asp. X in position B28 is Asp, or X in position 
69ms Asp ind in position B27'is Glu/ 
' 5 According to a second aspect of the present* invention there are- provided injectable solutions with insulin 
activity. The Injectable insulin solutions of this invention contain the human insulin analogues described above 
• or a pharmaceutically acceptable salt thereof in aqueous solution preferably at neutral pH. The aqueous 
medium may be made isotonic by addition of for example sodium chloride and glycerol. Also buffers, such as 
an acetate or citrate and preservatives/such as m-cresol. phenol or methyl 4-hydroxy benzoate may be added. 
10 The insulin solutions may furthermore contain zinc ions. 

The human insulin analogues of this invention may be substituted for human or porcine insulin in the rapid 
acting insulin solutions heretofore Icnown to the art. 

PREPARATION OF THE INSULIN ANALOGUES 

IS After the advent of the recombinant DNA-technology the possibilities for the protein engirieering has 
become to be enormous. 8y the socalled site specific mutagenesis technique it is possible to alter a gene 
coding for a naturally ocunring protein by substituting any one or more of the codons in the native gene with 
codon(s) for other naturally occuring amino acid(s). Alternatively the modified gone may be made by chemical 
synthetesis of the total DNA-sequence by well known technique. The purpose of such manipulation of a gene 

20 for a natural protein will typically be to alter the properties of the natural protein in one or another aimed 
direction. 

The novel insulin analogues may be prepared by altering the prdnsulfn gene through replacement of 
codon(s) at the appropriate site in the native human proinsulin gene by codon(s} encoding the desired amino 
acid residue sub5titute(s) or by synthesizing the whole DNA-sequence encoding the desired human insuOn 

2S analogue. The novel modified or synthetic gene encoding the desired insiiiin analogue is then inserted into a 
suitable expression vector which when transferred to a suitable host organism, e.g. E. coll, Bacillus or a yeast, 
generates the desired product. The expressed product is then isolated from the ceils or the culture broth 
depending on whether the expressed product is secreted from the cells or not. 
The novel insulin analogues may also be prepared by chemical synthesis by methods analogue to the 

30 method described by Marki et ai, (Hoppe-Seyler's Z. PhysioL Chem., 360 (1979). 1619-1632). They may also be 
formed from separately in vitro prepared A- and B*chains containing the appropriate am^o acid residue 
substitutions, whereupon the modified A* and B-chains are linked together by establishing disulphide bridges 
according to known methods (e.g. Chance et aJ., In: Rick DH, Gross E (eds) Peptides: Synthesis - Stnjc- 
ture - Function. Proceedings of the seventh American peptid symposium, Illinois, pp 721-728). 

35 • The novel insulin analogues are preferably prepared by reacting ^ biosynthe^c precursor of the general 
formula 11: 



A -chain 




67 



65 



wherein Qn is a peptide chain with n naturally occuriog amino acid residues. R is.Lys or .Arg. n is an integer 
..from 0 to 33. m is 0 or I. and the X*5 are defined as above with the proviso that the peptide chain -Qn-R- does 
. not contain two adjacent basic amino acid residues, with an L-threonine ester in the pr sence of trypsin or a 

trypsin derivative followed by conversion of the obtained threonine ester of the human insulin analogue Into the 
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human insulin analogue by l<nown methods. This socalled •transpeptidation" reaction is described in US 
patent specification No. 4,343,898 (the disclosures of .which are ^incorporated by referenc hereinto). 

By the transpeptidation reaction the bridging -(Qn-R)m- between amino acid 29 in the B chain and amino 
acid I in the A chain is excised and a threonine ester group/is coupled to the C. terminal end' of B29Lys. 

The precursors of the above formula 11 may be prepared by a.methpd analogue to the method described in 
EP patent application No. 0163629 A the disclosure of which is jncprpprated by reference hereinto. By this 
method a Dfsi A-sequence encoding the precursor in question is, inserted in a suitable expression vehicle wNch 
when transferred .to yeast is capable of expressing and; sepretiog the desired . cjomppund ;with correctly 
positioned disulphide bridges. The expressed prodCict is Jhen isolated from the cglture brojUi. 

The present insulin analogues* may also be prepared, by/ reacting a biosynthetic precursor of (he general 
formula III: : ... -c- - 



A* chain 




6^ chain ' 



Wherein S and T are each Lys or Arg and the^XTs are defined as above, in aqueous solution vyith trypsin and 
carboxypeptidase B and recovering the human insulin analogue from the reaction sohitipn- 

The precursors of the above formula IH may be prepared by a method analogue to the method described in 
EP patent application No. 86302133.3 the disclosure of which is incorporated by reference hereinto. By this 
method a DNA-sequence encoding the precursor Is inserted into a suitable yeasi expression vehicle which 
when transferred to yeast is capable of expression and secretion of the expressed product vnth correctly 
positioned disulphide brrdges into the culture medium.— 

According to a third aspect of the present invention there is provided a method for producirig of the novel 
Insulin analogues by which method a yeast strain containing a replicable expression vehicle comprising a 
DNA-sequence encoding a precursor cff the insulin anatogue js cultured in a suitable nutrient medium, and the 
precursor is recovered from the culture medium and converted into the novel insulin analogue by enzymatic 
and chemical in vitro conversion. - v • , 

The present Invention Is also directed to novel precursors of the novel insiilin analogues, DNA sequences 
encoding such novel precursors, expression vehicles containing such DNA-sequences and yeast strains 
transformed with such expression vehicles. 

MODIHEO INSUUN ANALOGUES . - ....... 

The present invention is contemplated to comprise certain derivations or fiiirther substitutions of the insulin 
analogues provided that such derivations or fuhhfer substitutions have no substantial impact on the 
above-described goal of the invention. It is accordingly possible to derivate one or more of the functional 
groups In the amino acid residues. Examples of such derivation is per se known conversion of acid groups In 
the insulin molecule Into ester or amid groups, conversion of alcohol groups into alkoxy groups or vtee versa, 
and selective deamldation. As an example A2IA3n may be deamidated Into A2IAsp by hydrolysis In acid 
medium or B3Asn may be deamidated Into B3Asp in neutral medium. 

It is furthermore possible to modify the present insulin analogues by either adding or removing amino acid 
residues at the N- or C-terminal ends. The Insulin analogues of the present invention may lack up to four amino 
acid residues at the N-terminal end of the B-chaIn and up to five amino acid residues at the C-tenninal end of 
the B-chain without significant impact on the overall properties of the insulin analogue. ExampTes of such 
modified Insulin analogues are insulin analogue lacking the BIPhe or the B30Thr amino add. residue. 

Also, naturally occurring amino acid residues may be adddd at dne or more ends of the: polypeptide chains 
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■* jarovided that this has no significant influence on the above-described goal. 

Such deletions or additions at the ends of the polypeptide chain of the present insulin analogues may be 
exercised iii vitro on the insulin analogues with amino acid substitutions according to the present invention. 

* VVItematfVely the gene for'the novel insulin analogues according to the present Invention may be modified by 
5 ' either adding or removihg codons corresponding to the extra amino acid residues or lacking amino acid 

' residues at the ends of the polypeptide chain, respectively. 

fHRMINOLOGY 

The abreviations used for the amino adds are those stated in J.Biol.Chem. 2^ (1968) , 3S58; The amino acids 
10 ' are in the L configuration. ' ' \ ' ' 
' As used in the following text B(I^29) 'means a shortened B chain of human insulin from BlPhe to B29Lys and 

A(I-2I) means the A chain of human insulin. : ' ' • 

The substitution(s) made in the human insulin molecule according to the practice of the invention is(are) 
indicated with a prefix referenced to human insulin. As an example B27G!u human insulin means a human 
/5 insulin analogue Wherein Giu has been substituted for Thr in position 27 in the B chain. B27G;u.69Asp human 
/insulin means a human insulin analogue wherein Glu has been substituted for Thr in position 27 in the B chain 
y and Asp has been substituted tor Ser in position 9 in the B chain. B27Glu,B(i-29)-Ala-Aia-Lys-A(l-2l) human 
insulin means a precursor br the insulin analogue (see formula II) whereir 1 6lu has beeii substituted for Thr in 
pbsitldn 27 iri the shcniened B chain (see above) and wherein the B(l-29)-chain and tho'A-chaln (A(l-2l)) are 
20/ connected by the peptide sequence Ala-AIa-Lys. Unless otherwise stated it is to be understood that the 
B(lr29) chain and A(1-2I) chain are connected by disulphide bridges between A(7)Cys and B(7)Cys and 
between A(20)Cys and B(i9)Cys, respectively, as in human insulin and that the A chain contains the internal 
disulphide bridge between A(6}Cys and A(il)Cy5. 

£55 ' 'EXPIJkNATION OF THe WENTION .. 

* • As has already been pointed out. the objective of this Invention is to provide rapid acting injectable insulin 
solutions. In effort to meet this objectiva, the inventors hereof recognized first and foremost that considerable 
differences exist between insulin in a dupot or bolus and insulin in the circulation, including notably a 
completely unavoidable difference in insulin concentration. Specifically, insulin in the bloodstream is highly 

30" * Qilute, being 10- Mo 10- ^ M and is in moriomerform, with possibly some Insulin being In dimcr form. The much 
more concentrated insulin stored in the B-cell granule of pancreas and in the usual administerable solution is 
iargely. if not pr^ncipal^y, in the non-active hexamer form, for example, as the well-known 2 zinc hexamer. 
' Human insulin in solution is known to exist in many molecular fomns. namely, the monomer, the dimer. the 
tetrarrier and the hexamer (Blundell et al. in Advances in Protein Chemistry, Acadehiic Press.'New York and 
' '35 London Vol. 26, pp. 279-330. 1972), with the oligomer forms being favored at high insulin concentrations and 
lBe monomer being the active form of insulin. The tetramer and hexamer are not-atitive forms, and even the 
dimer may not be active. The concept underlying this Invention is the iny/entor*s belief thait the art recognized 
delayed absorption phenomena (Binder. Diabetes Care 7. No. 2 (1984), 188-1^) is In some large part 
attributable to the time required for the insulin to disassociate from hexamer, tetramer and dimer form Into the 
40 (active) monomer form. 

The human insulin analogues of this invention achieve their rapid action through a molecular structure not 

* readily susceptible of dimer, tetramer. hexamer, or polymer formation, i.e. with a reduced tendency to 
self-associate into dimers, tetramers, hexamers, or polymers with or without the presence of zinc ions. 

- It has long been recognized from the considerable species-to-species differences in amino acid sequence 

45 which exist in insulin that not all of the amino acid residues present in the insulin molecule are crucial to insulin 
activity, and that some of the amino acids not essential to Insulin activity are important to the physical 
properties of the insulin molecule. Indeed, guinea pig insulin is known to be incapable of dimerizing. Sulfated 
insulin and tetranitro tyrosine insjlin do not dimerize. Thus many of the amino acid residues in the human 
Insulin molecule may be changed without substantial decrease in insulin activity. The amino acki substitutions 

50 In the human insulin molecule herein contemplated are directed to preventing formation of dimers, tetramers, 
hexamers. or polymers without destroying the insulin activity. 

The amino acid residues m the positions in the A chain and the B chain of Formula i where substituttons may 
be made are not crucial to the insulin activity, but they are important to the capability of human insulin to 
aggregate Into dimers, tetramers, hexamers. or polymers, or for the solubility of the human insulin. The present 

55 amino acid residue substitutions interfere with the atom-to-atom contacts between adjacent insulin molecules 
that facilitates aggregation into dimers, tetramers, hexamers or polymers. 

As might be expected for substitution purposes, changes in certain positions in the human insulin molecule 
are more effective than others. By and large, a single substitution made in the B-chain may be sufficient to 
lessen the self-associating tendency, whereas at least two changes of other residues may be requirBd, The 

50 substitutions in the A-chaln mainly serve to Improve the solubility of the dissociated molecule. Preferred 
positions for making amino acid residue substitutions are B9, 812. BIO. B26, B27. and 828 alone, in combination 
with each other or together with substitutions elsewhere in the insulin molecule as indicated in formula I. 

Manifestly, substitution of one or more negatively charged amino acid residues for an uncharged or 
positively charged amino acid residue is to make the charge of the human insulin analogue more negative at 

55 neutral pH and lower the isoelectric point vis a vis human insulin. Characteristically, the human insulin 
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analogues of this invention have the same or a more negative charge (at neutral pH) and. a lower isoelectric 
point than human insulin. . • • • 

By and large, from I to 3 substitutions will achieve the immediate objectives of this invention, namely provide 
a more rapid action insulin, and such do constitute .preferred, modes of the invontioh. By using 2-3 
substitutions an improved miscibility with protected insulin preparations, may be achieved. However, it is 5 
believed advantageous that the immediate objectives of this invention can be achieved, also, through a greater 
number of substitutions than three, since desirable secondary objectives may t>e achieved thereby. 

In particular, an additional level of substitution, say presence of 4 or 5 substitute amino acid residues, may 
result in a human insulin analogue that also is less subject to fibrillation, or interface polymefization, a 
characteristic particularly desirable when the insulin solution is intended for continuous infusion. By and large, 10 
not more than about 7 substitutions In the insulin molequle are contemplated for.the human Insulin analogue of 
this invention. Preferred are 2-4 substitutioris. ... . , 

DETAILED DESCRIPTION ...... 

. Qenes encoding .the precursors of the present insulin analogues can be prepared by modlTtcation of genes 15 
encoding the above insulin precursors, with formula (or ill) In which all X*8 are the amino acid residues of 
human insulin by sito specific mutagenesis to ins^ or substitute with.codons encoding the desired mutation. 
A DNA-sequence encoding the precursor of the insulm analogue may also be made by enzymatic synthesis 
from .oligonucleotides corresponding in whole or parji. to the insulin analogue precursor gene. 

DNA-sequences containing a. gene witH the desired mutation of the irisulin ,gene are tiriari combined with 20 
.fragments coding for the TPI prompter fTPip) (T. Alber and G.. Kawasaki. Nucleotide Sequence of the Trlpse 
Phosphate Isom erase Gene of Saccharoniiyces cerevisiae, J. Mol^pptied Genet. I (1982) 419-434), the MFol 
leader sequence (j. Kurjan and I. Herskowitz,.. Structure of a Yeast Pheromqne Gene (MFal): A Putative 
a-Factor Precursor Contains four Tandem Copies of Mature a-Factor. Cell 30 (1982) 933-943) and the 
transcription termination sequence from TPI of S. cerevisiae (TPlj). These fragments provide sequences to 25 
ensure a high rate of transcription for precursor encoding gene and also provide a presequence whk:h can 
\effect the localization of precursor into the secretory pathway and its, eventual excretion into the growth 
medium. The expression units are furtbejrpore provided with the yeast 2^ origin pf replication and a selectable 
• marker, LEU 2. 

•.t;. During in vivo maturation of a.a-faictor In.yeast. the last (C-temilnal) six amino ackis of, the MFdl leader 30 
peptide (Lys-Arg-GIU:Ala*GlUTAIa| are removed .fi:om the a-factor precursor by the sequential action of an 
endopeptidase recognizing. the^Lys-Arg^ sequence and an aminodipeptidase which removes the Glu-Ala 
reskJues (Julius, D. et al. Cell 32 (1983) 839-852). To eliminate the need for the yeast aminodipeptidase. the 
sequence coding for the C-termin4 Glu^Ala-Gju^Ala of the MFolJeader was removed from the MFot leader 
sequence by in vitro mutagenesis. In the 4ollowing..text 'MFal leader' means the whole leader sequence 36 
whereas .MFal leader , (minus : GlurAla^Glu-^a) means a leader sequence wtieretn Vt)» C-termlnal 
Glu-Ala-Glu-Ala sequence has t^een removed. 

Example I . : 

40 

Construction of a synthetic gene encoding 8(1^)-Ata-Ala-Lys-A(l-21) human Insulin . 

A yeast codon optimized structural gene for B(lr29)-Ala-Ala-Lys-A(l*2f) hunnaa Insulin was constructed as 
follows. 

The following 10 oligonucleotides were synthesized on an automatic DNA synthesizer using phosphoramld- 
ite chemistry on a controlled pore glass support (S.L Bsaucage and M.H. Caruthers (1981) Tetrahydron Letters 45 
^,1859-1869): 1:. AAAGATTCGTrAACCAACACtTGTGCGGTTCCCAC 
. 36-mer- . r ; . ■ • r ^ , 

II; AACCAAGTGGGAACCGCACAAGTGTTGGTTAACGAA . . • 
;3G-mer - v . • ;c. • r ' • 

111: nGGTT^AAGCTTrQTACTJGQTTTGCGGTGAAAGAGQTrrCT 51? 
43-mer 

' IV: GTAGAAGAAACCTCTTTCACCGCAAACCAAGT ACAAAGCTTC . 
42-mer . 
V: TCTACACTCCTAAGGCTGCTAAGGGTATTjGTC % , . 

32- mer . 56 
VI : ATTGTTCG ACA ATACCCTTAGCAGCCTTACCAGT 

34-mer 

. VII: GAACAATGCTGTACCTCCATCTQCTCCTTGTACCAAT 
- 37-mer 

VIII: TTTTCCAAnGGTACAAGGAGCAGATGGAGGTACAGC 60 
37-mer 

IXiTCQAAAACTACTGCAACTAGACGCAGCCCGCAGGCT 
36-mer • . . 

X: CTAQAGCCTGCQGQCTGCQTCTAQTTGCAQTAQ 

33- mer 65 
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5 duplexes A-E were formed from the above 10 oligonucleotides as indicated on fig. i. 

20 pmole of each of the duplexes A-E was formed from the corresponding pairs of 5'-phosphoryiated 
oligonucleotides t-X by heating for 5 min. at SO^'C followed by cooling to room temperature over a period of 75 
min. The 33*mer (X) in duplex p was not 5'-phosphoryiated in order to avoid dimerization around the self 
^"5 complementary Xbal single 'Istranded ends during the ligation. The synthetic fiva duplexes were mixed and 
treated with T4 ligase.The synthetic gene was isolated as a 182/133 bp band after electrophoresis of the ligation 
; mbrture on a 2<yo agarose gel. ' * 

The obtained syntKetic gene is shdwn in fig.- 1. • ' 

The synthetic gene was iigated to a 4 kb Kpnl-Eco(^l fragment and a 8 kb Xbal-Kpnl fragment from pMT644 
10 . and a'0.3-kb EcoRI-Hgal fragment from pKKN9 to give the following structure TPIp-MFa! Ieader-B(l-221-A(a-Ala- 
' Lys-A(l-2I)-TPlT.; — 
^''y Plasmid ph^644 contains the DNA-secjuencs TPIp-MFal leader-B(l-28)-A(l-2i)-TPjT and the construction is 
- - doscribed in Danish patent specification No. 1293/85. 11ie construction of piasmid pKFN9 is described in the 
following. 

IS The ligation mixture was used to transform competent E. cofi strain (r-,m+) (MT172). 30 ampiciilin resistant 
• : ' colonies were transferred to plates containing minimal medium M9 (T. Manlatisi et al.. Molecular Qonlng, CoW 
' Spring Harbor Laboratory, 1982, p. 68) resulting in 8 Leu+ colonies. Maxam-Gllbert sequencing of a 
,.. \32p-Xbal-EcoR} fragmerit showed that three plasrriids contained a gene wtth the desired sequence. One 
piasrtiid pKFNl27 was^ selected for further use. 
20 The construction of pKFN27 Is illustrated In fig. 2 

Conetructibn of plasmkf pKFN9 

The purpose of construction of plasmid pKFN9 was to obtain a plasmid containing a Hgal site Immediately 
§fter ^ MFol^eader sequerice. PiasmId pMT544 (the construction of which is described in Danish patent 
' 25 specification No.'278/iB5) was cut with Xbal and about 250 bases were removed from the 3*Ghds with Exolll 
* nuclease treatment. A synthetic 32-mer insertion primer GQATAAAAQAGGCGCQTCTQAAGCTCACTC 
containing a Hgal sequence was annealed to the partly single stranded DNA.'A double stranded circular DNA 
Was made by filling in with Klenow polymerase and ligation with T4 ligase. After transfonmatlon of E. coll 
" (r-',m'+) (MT 172) colonies containing ' mutated plasmid were Identified by colony hybridization witti 
30 5'-32p-iabelled 32-mer Insertion primer. The occurence of a new Hgal site was confirmed with restriction 
en^e cutting (EcoRI + Hgal. Hlnd3+ Hgal). After retransformatipn a 'pure" mutant pKFN9 was selected for 
, further use. The construction of pKFN9 is illustrated in fig. 3. 

Example 2 

35[ : \ \ \ - ■ ■ 

Preparation of B27Glu human insuPiri * 

B27G1U human Insulin was prepared by transpeptidation of 827Glu,B(i-29)-Ala-Ala-Lys-A(l-2l) human insulin 
with Thr-OBut and acidolysis of the obtained threonine ester with trifiuoracetic acid. The preparation consisted 
of the following steps: 

I. Construction of a gene encoding B27Gl'u; B(l-29)-Aja-Aia-LyS'-A(l-2t) insulin 

. Plasmid pKFN27 was linearized In the unique Xbal site just downstream of tiie synthetic insulin precursor 
gene. In order not to destroy the Xbal slt^ by the filling in step described below a 19-mer Hlnd3-Xbal double 
stranded linker *. » 

4S 

Xbal Hind3 
CTAGAAGAGCCCAAGACTA 
^ TTCTGGGGTTCTGATTGGA- \ " r y . . ^. \ 

was Iigated to each end of the linearized plasmid. The linker was S'-phosphory'Ated at the Xbal single stranded 
' end but was left unphosphorylated at the HiridS end. thereby avoiding polymerization of the linker during the 
ligation' step and circularization of the DNA, see fig. 4. 
S5 b'-mononucleotldes were removed from the 3'^nds of the obtained linear double stranded DNA by means 
of Exolll nuclease treatment, the Exolll nuclease treatment was performed at 23**C under conditions where 
about 250 nucleotides were removed from each 3'-end of the DNA (L. Guo and R. Wu (1983), Methods in 
Enzymology HX), 60-96). 

A S'-phosphoirylated 25-mer mutagenesis primer d(GTTTCTTCTACGAACGT.\AGGCTGC) was anealed to 
60 the mutation site. After filling in with Klenow polymerase In the presence of T4 ligase the double stranded DNA 
was digested with Xbal. Then heteroduplex circular DNA with the mutation In one strand was formed with T4 
ligase. 

the ligation mbrtiire was transformed into E. coll |r-'.m<-)*(Mn72) selecting for amptolinn resistance. 
Mutants were identified by colony hybridization with the 5*-32P-labelled 25-mer mutagenesis primer. After 
65 retransformation plasmid pKFN37 from one of the resulting colonies was shown to contain the desired 
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mutation by DNA sequencing of a 0.5 kb Xbal-EcoRI fragment (A. Maxam and W. Gilbert (1980) Methods in 
Enzymology 65, 499-560). ' \ 

II. Transformation . \ ■ . .. 

S. cerevisiae strain MT663 (E2-7B X EII-3C a/a. A tpi/A tpi, pep.4-3/pep 4-3) was grown on YPGaL (W/b Bacto 5 
yeast extract, 20/o Bacto peptone. 20^ galactose. IQito.lactBte) to lah OOeoonm of 0.6. 

100 ml of culture was harvested by centrlfugatlon " washed ^with ml of water, receritrifuged and 
resuspended in 10 ml of 1.2 M sorbitol, 25 mM NasEDTA pH - 8,0. 6.7 mg/ml dfthiotreitdl. Tfie suspension was 
Incubated at 30*C for 15 minutes, centrifuged «fnfi the ceils resuspended in,K) ml of l.'2 M sorbitol, K) mM 
Na2EDTA. 0.1 M sodium citrate pH =- 5.8, 2 .mg Noyp2Yni^#^234. The suspension w^ incubafed,at 30* C for 30 W 
minutes, the cells collected by centrifugallon. washed In iom nil of \2 M sorljjtoi and: iri 10 mj of CAS (1.2 M 
sorbitol. 10 mM CaCl2, 10 mM Tris (Tris. - Tris (hydroxymeth^)-aminometan) pH - 7.5) and resiwpended in 2 
ml Q.f .eAS.^,For transformation 0,1 ml of CAS'i:esuspended cells, were mixed with approximate^Vg of piadmid 
pKFN37 and left at room temperature for 15 minutes. 1 ml of 20o^ polyethylenglycoi 4000'. 10 iTiM.,CaCl2. 10 mM 
Tris pH r .7.5 was added and ^he mixture left for further 30 minutes at roomjemperature. The mixture was 15 
centrifuged and the pellet resuspenddd-in 0^ ml ptSbS |liM aoftitol, 33<Vb.v/v YPGaL, 6 CaCla. 14 iig/mf 
.leucine).and incubated, at 30 centriliiged aiidithis! pellet resuspended 

in 0.5 mi of l.^M sorbitpK 6 ml ottop agar (the SC medium df Sherman et al.,.(Metriods in V^ast Ger^rice, Cold 
Spring Harbor Laboratory. 1981) with leucine omitted arid containing 1.2 M sorbitol pmijSPfo agar), at 520% was 
added and the suspension poured on top of plates containing the same agar-solldffied, sbrfoifol containing 20 
medium. Transformant colonies were picked after 3 days at 30"*^ relsolated and used to start liquid cultures. 
One such transformant KFN40 {-MT663/pKFN37) was chosen for further characterizatlpn. 

, III,. Expression of B274iu.' B(f-29)^AIa-Aia-Lys-Ab:a^ \^ . ^ ; 

Y^ast slraun kF.N40 w^s grown on YPD medium (KVb yeast extract. .2«i6 peptcirie! .^bbih from DIfco 25 
laboratones). and 2o/p.glucose). A K) ml culture of Jhe strain was shaken at 30"C to ah OOeob of 26. After 
centrifujgation the supernatar|t .was ^alyzed by revised phase HPLC and 13.5 mg/l precqrsor was found. 

, The analogiJe in the .supernatant was concentrated, on. a cation excharjge column at tow pH followed by 
desorption.with a suitable,buffer sgiu^lon. CrystaRfzatlon was perforir»d with an alcoholic pitrate buffer. 

' ^ " . , " 30 

IV. Transpeptidation , . "~ 

0.2 mole (47.i g) Thr-OBut. HOAC was dissolved In DMFtp glve.100 ml sblutloni^SO ml.76.5^ y/y DMF in water 
was added and K) g of crude B27Glu. B(l-29)-A)a-Ala-Lys-A(l-2i) human Insulin was dissolved In the mixture, 
which was thermostated at I2'*C. Then I g of trypsin In 25 ml 0.05 M calcium acetate was added and after 24 h at 
I2'*C the mixture was added to 2 liter of acetone and the precipated peptides were Isolated by centrifugation 35 
and dried In vacuo. The B27Glu, B30Thr-OBut human insulin wa9..purlfled on a preparative HPLip column with 
silica-CI8 as column material. - , 

V. Conversion into B27 human insulin ' \ * " 

The B27GIU, B30Thr-OBut human Insulin was dissolved in iOO ml trfflour acetfc add.'Aftefr 2 hoilrs at room 40 
temperature the solution was lypphilized. The jyophlllzed .powder was dissphred in 400 ml 47,5 mM sodium 
citrate at pH 7. The peptides, were precipitated at piH .5.5 after addition of 2,4 ml | M Zha2, Isolated by 
centrifugation and dried in vacuo. The product^was purified by ahioh .exchange chromatography and desalted 
by gel filtration. Yield: 1.7 g of B27GIU human Insullrf.' ' 

45 

Example 3 

Preparation of B9Asp human insulin 

B9Asp human insulin was prepared by transpeptidation of B9Asp. B(l-29)-AIa-Ata-Lys-A(l-2l) hunwn insulin 
with Thr-OBu* and acidolysis of the obtained threonine ester with trmbiir acetic acid. : so 

I. Construction of a gene encoding B9Asp. B(l-29)-Ala-AlaTLysrA{l-20 human Insulin, , 

This gene was constructed in the same f manner as' described - for - the gene encoding B27Qlu. 
B(l-29)-Ala-Ala-Lys-A(l-2l) human insulin by site specific mutagenesis of pKFN27 directed by a 23-roer 
mutagenesis primer d(CTTGTGCGQTGAC(:^CTrQGTTG). Rasraid pKFN38 was shown to contain the desired 56 

mutation. . 

II. Transformation 

Plasmid pKFN38 was transformed into S. cerevisiae strain MT663 by the same procedure as In example 2, 11 
and a transfomiant .KFN4I was isolated. $o 

III. Expression of B9Asp. B|l-29)-Ala-Ala-Lys-A(l-2l) human insulin 

Yeast strain KFN4I was grown on YPD medium as described in example 2.III. 2.5 mg/l f the Insulin analogue 
precursor was found in the supernatant. 

65 
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IV. Transpeptidation 

J A g of crude BSAsp., B|^29)-Aia-Ala-Lys-A(l-2i) human insulin was transpeptldated as descnbed in 
example 2. IV to give B9Asp, B30Thr-OBut human insulin. 

V. Conversion . 

. The B9Asp,:B30Thr-OB.ut human insulin was converted into B9Asp human insulln.as described in example 2, 
V. Yield: 0.83 g B9Asp human insulin. 

Example 4 

ffreparation of BSAsp, B27GIu human rnsuljn. , . ^. . 

B9Asp. B27GIU human insulin was prepared by transpeptidation of B9Asp. B27GIU B(l-2I)-Ala-Ala-Lys-A(l- 
21) human insulin with Thr-OBut and acidolysis of the obtained threonine ester with, trif lour acetic acid. 

15 I. Construction of a gene encoding B9Asp.B27Glu.B(I-29)-Ala-A!a-Lys-A(|.2l) human !nsulin 

A 367 bp EcoRI-Hind3 fragment from pKFN38 (see example 3) and a WO bp Hind3-Xbai fragment from 
pKFh'37 (see example 2) were ligated to the large Xbal-EcoRI fragment of plasmid pUCI3 (this plasmid was 
' ' constructed as described for pUCS and pUC9 by Vieira et al. (1982). Gene 19. 259-268). The Ugatlon mixture was 
transformed'into E. coU (MT 172) selecting for ampicillln resistance. Plasmlds were prepared from a number of 
.20 transformants and analyzed by digestion with Pst! and with Hind3. The OiS kb Xbal-EcoRI fragment from one 
plasmid which showed the correct restriction enzyme patterns, was ligated to a 7.8 Id) Xbal-Kpnl fragment and 
a 4.3 kb Kpnf-EcoRI fragment both from pMT644 (described In Danish patent appUcatlon NoJ293/84). The 
ligation mixture was.transf ormed into E. coll ^MTI72) selecting for ampicilHn resistance. PlasmkJ pKFN43 from 
.one of the resulting colonies was shown to contain the gene for the desired insulin derivatwe precursor by 
, DNA sequencing of a. 0.5 kb Xbal-EcoR! fragment. The construction of pKFN43j3 Illustrated In fig. 5 

V .11.: Transformation , . o ti 

Plasmid pKFN38 was transfomried into S. cerevisiae . strain MT663 by the same procedure as In example 2. il 
' and a transformant KFN44 was Isoliatedr 

> III, Expression of B9Asp.B27Glu, B(l-29)-Ala-Ala-Lys-A(I.2l) hunrian Insulin 
_ , Yeast strain KFN44 was grown on YPD medium as described In example 2, III. 7.3 mg/l of the insulin 
analogue precursor was found in the supernatant. ' 

35 IV. Transpeptidation . ^ -u 

12.7 g of crude B9Asp.B27Glu,.B(l-29)-Ala-Ala-Lys-A(I-21) human insulin was transpeptldated as descnbed in 
example 2, IV to give B9Asp.B27Glu.B30Thr-OBut human insulin. 

, . .V. Conversion «^ ^ ■ r 

40 The B9Asp,B27Glu,B30Thr-CBut human insulin was converted into B9Asp327Glu,B3(JThr human insulin 

and purified as described in example 2.V. Yield: 1.0 g B9Asp.B27Glu human insulin. 
Example 5 

45; Preparation of A8His.B9Asp.B27GIu human insulin aou. qoa a^m 

ABHis, B9Asp,B27Glu human insulin was prepared by transpeptidation of A8lils,B9Asp,B2/iaiu, 
B(i-29)-Ala-Ala-Lys-A(l-2l) human insulin with Thr-OBu* and acidolysis of the obtained threonine ester with 
triflour acetic acid as described in example 2. 

5a I. Construction of a gene encoding A8His,B9Asp, B27Glu. B(l-29)-Ala-Ala-Ly3-A(l-2l) human insulin 

This gene was constructed by oligonucleotide directed mutagenesis using a gapped duplex procedure (Y. 
Morinaga, T. Franceschini. S. Inouye. and M. Inouye (1984). Biotechnology 2. 636^). The pUCI3 denved 
plasmid encoding the I^Fal leader sequence and the B9Asp.B27Glu human insulin precursor (fig. 5) was cut 
wHh Hpal and Xbal. The large fragment was mixed with the plasmid linearized with NdeL After heat 

55 denaturation and cooling the mixture contains gapped duplexes with a single stranded "window" in the region 
con-esponding to the insulin precursor gene (Hpal-Xbal). The 37-mer mutagenic mismatch pnmer 
d(GAACAATGCTGTCACTCCATCTG<jrCCTTGTACCAAT) was hybridized to the gapped duplex followed by 
filling in with Klenow polymerase and ligation. The mixture was used to transform E. coll (MTI72) selecting for 
ampicillln resistance. Mutants were identified by colony hybridization with an 18-mer 5 -»?P-labelled probe 

SO d(AATGOTGTCACTCCATCT). After retransfomiation a plasmid from one of the resulting colonies was shown 
to contain the desired mutation by DNA sequencing of a 0.5 kb Xbal-EcoRI fragment. This plasmid was used 
for construction of the yeast plasmid pKFN 102 as described in example 4 for the construction of pKFh443. 
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11. Transformation 

Plasmid pKFNl02 was transformed into S. cerevisiae strain MT663 by the same procedure as In example 2 II 
and a transformant KFNI09 was isolated; 

HI. Expression of A8His,B9Asp.B27Glu. B(l-29)-Ala-Ala-Lys-A(l-2l) human Insulin r 

Yeast strain KFNI09 was grown on YPD medium as described In example 2, III.* 21.5 mg/1 of the insulin 
analogue precursor was found In the supernatant. 

IV-V. Transpeptidation and conversion 

22.0 g crude A8Hls.B9Asp.B27Glu. B(l-29)-Ala-AIa-Lys-A(l-2l) human insulin was transpeptidated 
converted and purified as described in example 2. IV-V.'Yield : 4.0 g A8HisB9AspB27Glu human insulin. 

Example 6 ' • ' ■ : :. , . 

Preparation of 812116 human insulin ^ ^ 

BI21ie human insulin was prepared by transpiaptidatlon of BQIIe. B(l-29)-Ala-Ala'Lys-A(|.2l) human insulin 
with Thr-OButaricl acidolysis of the obtained threbrtlne ester With Iriflour acetic acid as described in example 2 
; . r''- "7 1* • • ' ... . : • 

i; fconstructibh of ^a flene encoding 8l2IIdrB(l-29)TAIa-Ala-Lys-A{l^21J hurhan Insulin 

' ' A t»:5'kb EcoRI-XbaFfragment of pMT598 (the constructibn of plasmid pMT598 is d&scribed in EP patent 
applicatiCn'No. 0I63529AJ encoding MFctl-leader (minus Glu-Ala-GIU-Ala^B(l-29)-AIa*Ala-Lys-A(l-2l) was 
Inserted into MI3 mpW RF phage-cut'with Xbal-EcoRI and the corresponding slhdle strand DNA was purified 
from the MI3 mpIO recorhbrnan^ phage. The single Itraiid teniplate DNA wais hybridized to a mutagenic 27 mar 
primer N0R-92 d(GTAGAGAGCTTCGATCAGGTGTGAGCC) and a MI3 universal sequencing primer 
d(TCGCAGTGACGACGT): The primers were extended by dNTPs arid Klenow polymerase and ligated by 14 
DNA Iigase. The mutagenic primer KFN92 was chosen so as to destroy a BstNl site (unique in the Xbal-EcoRI 
fragment). Therefore, to select against unmutated EcoRI-Xbal fragment, the mixture wte' cut with BstNl and 

^ subsequently with EcoRI and Xbal; and^ligated ta EcoBi and Xbal :cut pUCO vector: From one of the 
iransformants obtained, a plasmid, pMT760. laclcing the BstNl site in the-insuiln coding sequence was chosen 
The desired mutated sequence was verified by Maxam-Giibert DNA sequencing. Rasmid pMT760^contalns a 

0. 5 kb EcoRI-Xbal sequence corresponding to^tHe same fragment frohrtpMT598 (see above) apart from a 
mutation at BI2 (Vai - He). This mutated sequence was then moved onto^ yeast expression plasmid by ligation 
of the 0.5 kb EcoRI-Xbal fragment of pM77S0 to.a,7i8 kb Xbal^Kpnl and a 4.3 kb Kpnl-EcoRI fragment from 
pMT644 to give pMTA. 

k-. ' . 

Il-V. Transformation, Expression, Transpeptidation/ Gonvefision -» - : * : 

Plasmid pMTA was transformed into yeaisl strain MTSSS-as described In;example2. II. and the transformant 
strain MTA was grown as described in example 2. III. 10.4 mg/l of the Insulin analogue precursor was found in 
the supernatant. 10 g of the crude analogue precursor was transpeptidated. converted and purified as 
described in example 2; IV-V. Yield: 1^ g of BI2Ilrhumdn Insulin: . , 

• • ' - ^ . . v^-- f... ^ . . ■ • • 

Example 7 

Preparation of BI2Tyr human insulin. 

BI2Tyr. human insulin can be prepared by transpeptidation of BCTyr. B(l-29)-Ala-Ala-Lys-A(l-2l) human 
Insulin wrth Thr-OBut and acidolysis of the obtained threonine ester mi triflour acetic acid as described in 
example 2r.' . . - .: vr.- i " ■ 

1. Construction of a gene encoding BI2Tyr. B(l-29)-Ala-Ala-Lys-A(l-2l) human InsuBn 

The gene'wa?. constructed by. a method analogue td the method for the preparation of the gene encoding 
BI2lle; 'B(t.-29)-Ala-Ala-Lys^A<l-21) humaif insulin with ; the -only. -exception that primer 5 KFN93 dfGTAGA- 
GAGGTrGGTACAGGTGTGAGCC)* was used instead of KFN92. . , . f 

li-IV. Transformation. Expression. Transpeptidation. Conversion. 

Steps H -:ni were performed as described in example 2.d;7 mg/l of the insulin analogue precursor was found 
in the supernatant. The cnjde analogue precursor can be transpeptidated. converted and purified as 
described in example 2rVI-V to give BETyr hurnanlnsulih. 

ExampleTs 

Preparation of BIOAsp human insulin 

BIO Asp human insulin was prepared by transpeptidation of BIOAsp. B(l-29)-Ala.AIa-Ly5-A(l-2l) human 
insulin with Thr OBuiand acidolysis of the obtained threonine ester with triflour acetic acid as described In 
example 2. 
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I. Construction of a gene encoding BIOAsp, B(l-29)-Ala-Ala-LyS'A(l-21) human insulin 

The gene was constructed by a method analogue to the method for the preparation of the gene encoding 
BI2lie. (B(l-29)-Ala-Ala-Lys-A(l-2l) human insulin with the only exception that primer KFN94 d(AGCTTCCAC- 
CAGATCTGAGCCQCACAC^) was used instead of Kf N92. 

J ■ ■'- ■ '•■ ' • 

il-V. Transformation, Expression. Transpeptidation. Conversion 
.Steps ll-IIl. were performed as des^cribed in example 2. 35 mg/l of the insulin analogue precursor was found 

in the supernatant. The crude analogue precursor was transpeptidated, converted and purified as described in 

example 2, iV-V. Yield: 7.6 g of BIOAsp human insulin. 
ro . . ^ 

Example 9 , > i .« r 

Preparation of B28Asp human insulin 
B28A$p human insulin was prepared by transpeptidation of B28Asp. B(l-29)-Aia-Ala-l,ys-A(l-2i) human 
15 insulin vinth Thr-OMe and hydrolysis of the obtained threonine ester at a pH of about 8 to 12. 

I. Construction of a gene encoding B28Asp, B(l-29)-Ala-Ala-Lys-A(l-2I) human insulin 

A 0.5 kb EcoRI-Xbal fragment of pMT 462 (the construction of plasmid pMT 462 is described in Danish 
patent application No. 1257/86) encoding the MFal leader (minus Glu-Ala-Glu-Ala)-B-C-A, i.e. the human 

20 proinsulin gene preceded by the modified MFal leader, was inserted into M13 mpiO RF phage cut with 
Xbal-EcoRl and the corresponding single strand DtAA was purified from the MIS mpiO recombinant phage. The 
single strand template DNA was hybridized to a mutagenic 41 mer primer NOR205 d(TTCCACAATGCCCT- 
TAQCGGCCTTGTCTGTGTAGAAGAAGC) and a MI3 universal sequencing primer d(TCCCAGTCACQACQT). 
The primers were extended by diSITPs and Klenow polymerase and ligated by T4 DNA iigase. 

25 . r After phenol rxtraction, ethanol precipation and resuspension, the DNA was cut with restriction enzymes 
Apa I. Xbal and EcoRl. After another phenol extraction, ethonal precipitation and resuspension. the DNA was 
ligated to EcoRt-Xbaf cut pUaS. The ligation mixture was transformed into an E. coli (r-m-^-) strain and 
plasmids wefe prepared from a number of transformants. Plasmid preparations were cut with EcoRl and Xbal 
and those preparations showing bands at both 0.5 and 0.6 kh were retransformed into £. coH. From the 

30 retransformation a transformant harbouring only pUI3 with a 0.5 insert was selected. 

From one of the transformants obtained a plasmid pMT38f with this desire^l mutation at B28 (Pro Asp) was 
chosen. The mutated sequence was verified by Maxam-Gilbert DNA sequencing. The mutated sequence was 
then moved onto a yeast expression plasmid by ligation of a 0.5 kb EcoRl-Xbal fragment of pMTBSI to a 7.8 kb 
Xbat-Kprit and a 4.3 kb KpnI-EcoRl fragment from pMT644 to give pidTAl. 

35 - ' , • ; ■ ■ • 

II. Transformation 

. Plasmid pMTAI was transformed into S. cerevisiae strain ,MT663 by the same procedure as in exampJe 2. H 
and a transformant MTAI was isolated.' 

40 ill. Expression of B28Asp. B(l-29)-Ala-Ala-Lys-A(l-21) hMman insulin . 

Yeast strain MTA) was grown on YPD medium as described in example 2, 111. 7.2 mg/l of the insulin analogue 
precursor was found in the supernatant. * '" 

IV. Transpeptidation 

45 The crude B28Asp.6(l-29)-AIa-Ala-Lys-A(I-21) was transpeptldated as described In example 2. IV by 
substituting Thr*OBut with Thre-OMs to give B28Asp. B30Thr-OMe human Insulin. 

y v. Conversion / . / 

The B28Asp,B30Thr-OMe human insulin was dispersed In water to P/o (vy/v) and was dissolved by addition of 
SO IN sodium hydroxide to a pH value of 10.0. The pH value was kept constant at 10.0 for 24 hours at 25" C. The 
B28Asp human insulin fomied was precipitated by addition of sodium chloride to about 8% (w/v), sodium 
acetate tri hydrate to about l.40/o (w/v), and zinc acetate dihydrate to atxjut O.OK>/o (w/v) followed by addition of 
IN hydrochoric acid to pH 5.5. The precipitate was Isolated by centrifugation and purified by anion exchange 
chromotography and desalted by gel filtration. Yield: 02 g B28Asp human insulin. 

55 

Example iO 

Preparatton of A2IAsp,B9Asp,B27Glu human insulin 
A2IAsp, B9Asp, B27Glu human insulin was prepared from BSAsp, B27GIu human insulin by selective 
SO deamidatlon (hydrolysis of a 5% solution for M days at 37" C. pH 2.5). The deamidated product was isolated by 
anion exchange chromatography. 
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Example II . ■ . . 

Preparation of B27Glu,A21Asp, human insuiin 

B27GIU. A2IAsp human Insulin was prepared by transpeptidation of B27Glu, A2IAsp; B(l-29)-Aia-Ala-Lys- 
A(I-2I) with Thr-OBut and acidotysis of the obtained threonine ester with triflour acetic acid as described in 
xampte 2. 

B27GluA21AspB(l-29).AIa-Ala-Lys-A(l-2l) was prepared from B27GIU. B(I-29)-Ala-Ala-Lys^A(|.21) (see 
example 2) by deaniidation as described in example 10.' ' * 

Characterization of human insulin analogue of the present ^vention 
Determination of molecular weights (Gutfreund H. Biochemical Journal 42 (544) 1948). 
Method: Knauer Membran Osmometer 

Type 1.00 

Membran: Schleicher and Schuli 
Type: R52 

Solvent: 0.05 M NaO pH 7.5 

Temp.: 2rc . . 

Results: All types of insulin were measured at a coricehtratlon of 4 mg/ml 



" Table 1 



• ' Type of insulin 


. tlolecular weight 




Jc Dalto'n * 


V. Human 2Sn insulin 


■•' V 36 ± 2 


5 Human 2n free insulin 


29 ±;1 • 


Zn free B27Gla human insulin 


. '22. ± 1." 


- - B12 lie human insulin 


. 17 it 1 . 


- - B27Glu,A21Asp human insulin \ . - 


8 ± 1 


- - B9Asp,B27Glu human insulin 


6 ± 1 


10 -* - B9Asp human insulin 


6 t I 


- - B9Asp,B27Glu/A2lA6p human insulin . 


6 ± 1 


- - B9Asp,B27Glu,A8His human insulin 


913' 


- - BlOAsp htunan insulin 


12 ± r- 


- - B28Asp human insulin 


, 9 t 2 



ft appears from the above table I that the hunwi insulin analogues have a markedly reduced molecular 
weight compared with human Insulin meaning that the self-associating into dimers, tetramers and hexamers is 
less pronounced or In several cases even lacidng. " ... 
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' Table. 2. . • 
Half life and Biological potency 



Human insulin analogue '^1/2* Biological potency** 
' ' ' (% of human % o£ human insulin 
. , ' .. . . . insulin) (95% conf , interval) 



B27G1U human insulin . 


78 


101 


(83- 


^23) 


B9Aspi B27G1U human insulin 


54 - 


110 


(90- 


-139) 


B12Zle human insulin ■ t ■ 


78 


. 91 


(ao- 


-103) 


B27Glu,A21A3p human insulin 


56 


64 


(58- 


"71 ) 


B9Asp human insulin 


52.. 


. BO 


(72- 


-90) 


iA21Asp,B9Asp,B27Glu human insulin 


56 


75 


(66- 


-85) 


A8Ris/B9Asp,B27Glu human, insulin 


63 


; 116 


(lOi-135) 


BlOAsp human insulin . 


64 


i04 


(92- 


-118) 


B28Asp human insulin ' 




104 


(95- 


-114) 



• Time to 50<yo disappearance from injection, site (subcut.) in pigs. Method according to Cinder 1969 (Acta 
i Pharmacol. ToxrcoL(suppl 2) 27:1-87 . , . . 

• •.. Mouse Blood Glucose Assay according to European Phamnacopocia. 

It appears from tha above table 2 that the time to 500/o disappearance of the insulin analogues from the 
injection site Is substantially reduced when compared with human Insulin. 

The biological potency of the insulin analogues is comparable with human insulin or only slightly reduced. 

The features disclosed in the foregoing description, in the following claims and/or in the accompanying 
drawings may. both separately and in any combination thereof, be material for realising the invention in diverse 
fonns thereof. 




wherein the X's are the amino acid residues of human insulin or the same or different amino acid residue 
substitutions, the net function of which is to impart to the molecule the same charge or a greater negative 
charge at neutral pH than that of human insulin, with the proviso that at least one X is different from the 
amino acid residues of human insulin at the respective position In the insulin molecule and that when X in 
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position A(8) is His or Phe. X in position A(21) is Asp, X in position B(5) is Ala. X in position B(9) is Leu. X in 
position B(iO) is Asn or Leu. X in position 8(12) is Asn or X in position 6(26} is Ala, then at least one of the 
remaining X's are different from the amino acid residues of human insulin at the respective position in the 
insulin molecule and with the further proviso that one oc more amino acid residues may have been 
removed from the N- and/or C-termlnal ends of the A- and/or B-chain. 5 

2. Insulin analogues according to claim t. wherein the amin acid residue substitutions are more 
hydrophilic than the amino acid residue of human insuQh at^the respective position in the insuUn molecule. 

3. Human insulin analogues according to claim I wherein not more than about 7 of the X*s are different 
from the amino acid residue at the con^esppnding position in human insulin. 

4. Human Insulin analogues according to claim-l..wherejn the amino acid substitutions are selected Irom io 
the group consisting of Asp, Glu, Ser, Thr, His. and lie. . 

5. Human insulin analogues^ according to jctaim.!, wherein the amino residue substitutions are Asp 
and/or Glu. 

6. Human insulin analogues according to claim I, wherein at least "one X in position B(9K B(K)), B(I2). 
B(26). B(27). or B(28) is different from the aminQacid residue at the corresponding site in the molecule of is 
human insulin. 

7. Human insulin analogues ^cording to claim i, wherein at least ori^ic In position B(9), B(I2). 6(27). or 
8(28) i^diffeFeht from the amino add residue at ^e corresponding sitein the molecule of human insuBn. 

8. Human tnsujin analogue according ,to claim t. wherein X in posittop B27 is Glu, X in position BI2 ts Oe, 

or tyr. X in posilion A2I is Asp and position B27 Is Qlii. X in position B9 is Aspi X in position A2I and In 20 
- position B9 is Asp and In position B27 Is Glu, X in position A8 is His. in position B9 is Asp and In position 
B27 is'Glu. X in position BIO is Asp, X in position B9 is Asp and in position B27 is Glu, or X In position B28 is 
Asp, 

9. Human insulin analogues according to claim I, characterized in that they lack up to four amino acid 
residues at the N-terminal of the B-chaln and/dr up to five amino acid residues at the C-terminat end of the 2S 

B-chain. 

to. Human Insulin analogues according to claim 9, characterized in that they lack the B(l)-amino ackl 
residue and/or the B^30)i^amino acid-residue. ^ - 

11. A method for the preparation of human insunn analogues according 1o claim 1, wherelh a yeast strain 
containing a replicable expression vehicle comprising a DNA-sequence encoding a precursor of the ao 
insulin analogue is cultured In asuitable nutrieht medium , and the precursor is recovered from the culture 
medium and converted into the novel Insulin anafogue'by enzymatic and chemical in vitro converston. 

12. A method for the preparation of human insuilrviuialogues according to claim I. whereln a biosynthettc 
precursor of the general formula H . 'r-'r 

/r -35 



A -chain 



r "1 


40 

\ ^ 




^~S^ .^^>i jim^ ^ 




L « X* I?'*I""X ' yy*^^*A^yL * X * I^*^ 'X*'Ol* j^*)^^ 


'^f^Y''-^^ so 

n 



B*chain 

55 



Wherein Qn Is a peptide chain with n naturally occuring amino acid residues. R is Lys or Arg. n is an integer 
from 0 to 33. m is 0 or 1. and the X*s are defined as above with the proviso that the peptide chain -Q^-R- 60 
does not contain two adjacent basic amino ackl residues is reacted with an L-threonine ester in the 
presence of trypsin or a trypsin derivative followed by converston of the obtained threonine ester of the 
human insuUn analogue into the human insulin analogue by known methods. 
13. A method for the production of human insulin analogues according to claim I. wherein a blosynthetic 
precursor of the general fomiula III $s 
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A -chain 



10 



IS 



SO- 




L * A * X***!*"*! * X''**X^'*1°'»X * X * X'^'i *X**X * X*''vL* X * X ' Jt^X * X®''X*'U!"'X''*X'*!X * X * X * X'^'*X^''> 

M 11 i« n 14 It tt v u u to ai il is t* is «• tt u » 



B* Chain 



25 wherein S and T are each Lys or Arg and the X's are defined as above, are reacted with trypsin and 
carboxypeptidase B in aqueous solution and the human insulin analogue is recovered from the reaction 
• ' ■ ' mixture. • - : . 

. V process for the preparation of human insulin analogues according to claim I. wherein the insulin 

' . ' * > 'Analogues containing the appropriate amino acid substitutions are synthesized chetTiically according to 
30 ■■ ' khown methods, or A* and B-chains containing the appropriate amino add substitution are synthesized 
chemically according to known methods and the modified A- and B-chaihs ae linked together by 
' establishing disulphkfe bridges between A(7}Cys and B(7)Cys, and between A(20)Cy5 and B(l9}Cys and 

' > the internal A-chain bridge behveeri A(6)Cys and A(tt)Cy$. 

15. Injectable soluibns vrith an insulin activityi characterized in that they contain a human Insulin 
35 analogue according to claim I or a pharmaceutically acceptable salt thereof in aqueous solution preferably 
at neutral pH. 

Claims for the following Contracting State: Austria 

I. A method for the preparation of human insulin analogues of the formula I 



40 



45 



50 



A* chain 




I I ' s ' 4 I • ■ r ' t ' I It II «s ta •« u M tr u » n >« at u J4 M M 11 f« tt 
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B- chain 



wherein the X's are the amino acid residues of human insulin or the same or different amino acid residue 
60 substitutions, the net function of which is to impart to the molecule the same charge or a greater negative 

r ' charge at neutral pH than that of human insulin, with the proviso that at least one X is different from the 
amino acid residues of human insulin at the respective position in the insulin molecule and that when X in 
position A{8) is His or Phe, X in position A(2I) is Asp, X in position 8(5) is Ala, X in position B(9) is Leu. X in 
position B(iO] is Asn or Leu. X in position Q(I2) is Asn or X in position B(26) is Ala, then at least one of the 
65 remaining X's are different from the amino acid residues of human insulin at the respective position in the 
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insulin molecule and with the further proviso that one or more amino acid residues may have been 
removed from the N- and/or C-temiinal ends of the A- and/ r B-chain, 

wherein a yeast strain containing a replicable expression vehicle comprising a DMA-sequence encoding a 
precursor of the insulin analogue is cultured in a suitable nutrient medium, and the precursor is recovered 
from the culture medium and converted into the novel insulin analogue by enzymatic and chemicai in vitro 
conversion. . — 

2. A method for the preparation of human insulin analogues of the formula ! 



A -chain 




0090G 


)©© 


©0 


0GG 


@09QC 


1 a s 4 • 


• 7 


a a 


la n u 


O M U W 



ir la « tt at la aa M it *• 



B - chain 



wherein the X's are the amino acid residues of human insulin or the same or different amino acid residue 
. substitutions, the net f unction erf whicit is-to^ molecule the samacharge or a greater negative 

charge at neutral pi;l1han that of humarHnsulin. with the proviso that at, least one X ^.different from the 
amino acid residues of human insulin at thp respjBctive position in. the insulin molecute and that %vhen X in 
position A(8)Js His or Phe, X in^position A(?l) is Asp, i in position B(5} is Ala,> in position B(9) is Uu, X in 
position B(I0) Is Asn or Uu, X'"^ PP»itiQrhB(l2) is Asn or^.ln,pQsltl«w>B(26).is Ala; then at least one of the 
remaining X's are different from tfte amino acid reslflues of human Insulin at .the respective position in the 
insulin molecule an^ with ttie further proviso thatjone or more amino acid revues may have been 
removed. from the N- and/or p^terr^inal.enda of; the A- and/oc B-chaini, - 
wherein a biosynthetic precursor of the general formula il ^ ' > - r 



A-chain 




tft> n ia n i«. u^,it o .,w..fa ao ai ,aa aa.a« aa- aa tr tt aa 



n 

B-chain 



wherein Qn is a peptide ch^n with n iiaturally occuring amlnoadd residues. R is Lys or Arg. n is an integer 
from 0 to 33, m is 0 or I. and the.X's are defined.ia above vifith.the proviso that the peptide chain -Qo-R- 
does not contain two adjacent basic amino acid residues Is reacted with an L-threonine ester In the 
presence of trypsin or a trypsjn .derivative followed by iconverslon of the obtained threonine ester of the 
human insulin analogue into the human Insulin analogue. 
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wherein the X's are the amino acid residues of human Insulin or the s^me or different amino acid residue 
substitutions, the net function of which is to impart to the molecule the same charge or a greater negative 
charge at neutral pH than that of human Insulin, with the proviso that at least one X is different from the 
amino acid residues of human insulin at the respective position Iri the Insulin molecule and that when X In 
position A(8)'ls His or Phe. X in position A(2I) Is Asp, X in position B(5) is Ala. X in position B(9) is Leu. X In 
position B(IO) is Asn or Leu, X in position B(12) is Asn or X In positipn B(26) is Ala. then at least one of the 
remaining X*s are different from the amino acid residues of hunian insuiin at the irespective position in the 
InsuDn molecule and with the further proviso that one or more antino acid residues may have been 
removed from the N- and/or C-termlnal ends of the A- and/or B^hairi, wherein a biosynthetic precursor 
of the general formula III 



Chain 




n u .t3 u t» 16 n i» II M 9% ti » I4 >» >• » » >• » 



ni 



wherein S and T are each Lys or Arg and the X's are defined as above, are reacted with trypsin and 
carboxypeptidase B in aqueous solution and the human insulin analogue is recovered from the reaction 
mixture. 

4. A process for the preparation of human insuiin analogues of the formula I 
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B*chatn ^ ^ 

1 



wherein the X's are amino acid residues of hgman insulin or the same or different amino add residue 
substitutions, the net function of ^jpt) '\s to impart to the molecule the same charge or a greater negative 
. charge at neutrai:pH Ihari that of fiuman irisMllH. with th* proviso that at least one X is different from the 
. ?n?ino acid res[dues of human insulin at the. respective position In the insulin moldcule and that when X In 
position At8) j.s Hisor Phe/X in position A(2J). Is Aip, Xin position B(5) is Ala. X i?i position B(9) Is Leu, X in 
, position 8(jd) is A?n or Leu. X In position's (12) i| ASn or X In posltfdh B(26) is Afa/then at least one of the 
^ remaihing X's are di^erent from the aniiho acid jesidCies of human ir«ulih.at 'the respecth/e position In the 
..insulin molecule and yyith the furlher pfb'visp that one'or fnpre amirto: acid residues may have been 
.. removed from the N- ^od/or C-terminA ends of the A- and/dr B-chiayn. 

wherein the insulin analogues containing the appropriate, amih^ are synthesized 

chemically according to known methods, or A- and B-chilns containing the apprtipriate amino acid 
substitution are synthesized chemically i^cording to known methods and the modified A- and B-chains 
are linked together by establishing disulphide bridges between A(7)Cys and B(7)Cys, and between 
A(20)Cys and B(19)Cys and the internal A-cham bridge between A(6)Qrs and A(ll)Cys. 

5. A method according to any one of Claims I to 4, wherein the amino acid 'residue substitutions in the 
insulin anajogue prepared are more- hydrophyte than the- amino acid residue of , human tnsufin at the 
respective ^position in the insulin molecule. 

6. A method according to any one of Claims I to 5, wherein,' in the insulin anak}gue prepared, not more 
than about 7 of the X's are different froin the amino acid re^due at the corresponding posltton in human 
insulin. ■ - '■•l-- - . ''.V- v'.-- „ . V^.,- ' •;" ' ■\ 

7. A method according to any orte of Claims I to 6. wherein the amino acki substltuttons In the Insulin 
analogue prepared are selected from the group consisting of.Asp, Glu, Ser. Thr. His, and lie. 

8: A method according to Claim 7, wherein the amino acid residue substitutions are Asp and/or Glu. 

9. A method according to any one of Claims I to 8. wherein at least one X in position B|9), B(IO). B(12), 
B(26). or B(27) of the insulin analogue prepared is different from the amino acid residue at the 
corresponding site in the molecule of human insulin. 

16. A niethbd according to Qaim's, wherein at least one X in position B(9)i B(l2j", or B{27) is different from 
the amino acid residue at the corresponding sitorin the molecule o( human insulin. 

11. A method according to any one of aalms i to 4. wherein, in the insulin analogue prepared, X In position 
B27 is Glu. X in position BI2 is lie, or Tyr. X in position A2I is Asp and position B27 is Glu. X n position B9 is 
Asp. X In posltten A2I and in position B9 is Asp and in position BZ7 is Glu. X in position A8 is His. In 
position B9 is Asp and in position B27 Is Glu. X in position BK) is Asp, or X in position B9 is Asp and In 
position B27 is Glu. or X in position B28 is Asp. 

12. A method according to any one of Claims I to 4. wherein the insulin analogue prepared lacks up to four 
amino acid residues at the N-terminal of the B-chain and/or up to five amino acid residues at the 

C-tenminal end of the B-chain. 

13. A method according to Claim 2. wherein the insulin analogue prepared lacks the B(i)-amino ackl 
residue and/or the B(30)-amtno ackl reskJue. 
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MF«c1 leader LysArg I 60bp 



S' — 
3' — 



■5"-~ 
3- — 



-AAAAGA- 
-TTTTCT- 



Xbal Hind3 



DXbal 
2)Exoni 



5' 
3'- 



LysArg 

■aIaaaga — ^ ^ 



-TTTTCT)- 



Irtsertion primer * 
Klenow polymerase * 
IL ligase 



i1 Hind 3 
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